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URING measurements of pressure in the small veins of a dog's hindleg, it was observed that fluctuations in pressure, associated with respiration, varied considerably from animal to animal. In some instances, venous pressure fell during the inspiratory phase; in other instances, venous pressure rose. In addition, spontaneous pressure changes, seemingly independent of respiratory movements, were occasionally seen. It seemed possible that some factor, or factors, other than thoracic pressure changes during respiration might be involved in varying small vein pressure.
It has been stated that respiratory waves seen in small veins were probably transmitted through the arterial side and that they followed in time the respiratory waves seen in large systemic arteries. 1 In a more recent paper, Irisawa and Rushmer 2 recorded venous and lymphatic pressures in the dog's leg and noted that oscillatory changes in these pressures were associated with respiration and that an increase in pressure in these vessels coincided with expiration.
To clarify the origin of pressure variations, as seen in the small cutaneous veins in the hindleg of the dog, simultaneous recordings were made of small vein pressure, direction of intra-abdominal pressure changes, small and large artery pressure, and respiratory movements.
Methods Mongrel dogs were anesthetized with sodium pentobarbital (33 nig./Kg.), injected intravenously and were placed in a supine position.
Polyethylene tubing, with an outside diameter
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of about 1 mm., was introduced into a small vein and a small artery in the following manner: A small vein near the ankle was exposed and ligated. An incision was made distal to the ligature and polyethylene tubing filled with a 1 per cent heparin solution was inserted through the cut and carefully pushed forward until the tip was in or very near the toes. The tubing was then withdrawn 1 or 2 mm. until blood was seen to flow freely back through the tubing. This was considered adequate assurance that the peripherally directed cannula was not wedged in the vein. A second ligature was used to secure the cannula at its point of entrance into the vein. Another eannula was then inserted into the vein with its tip directed centrally. It was carefully pushed toward the vena cava for several centimeters. The appearance of blood in the cannula when the stopcock was opened to atmosphere indicated that its tip was not obstructed by the vein wall or a valve. The cannula was tied securely at its point of entrance into the vein. Occasionally the centrally directed cannula was placed in a small vein other than the 1 in which the distally directed cannula was placed. These cannulas were alternately connected to a P 23BB Stathnm strain gage (range 0 to 5 cm. Iig) throughout the experiment. A small artery near the knee in the same leg was exposed and cannulated for pressure measurement, as was the femoral artery in the contralateral leg. It was felt that the small artery measured in the same leg as the small vein pressure would show any pressure changes that might occur locally, while the measurement of femoral arterial pressure in the contralateral leg would indicate any changes in the over-all systemic pressure. The cannulas were connected to P 23Db Stathnm strain gages (range 0 to 75 cm. Hg).
For purposes of recording, all venous and arterial pressures were set at zero on the same base line. When it was seen that the small artery pressure in 1 leg and the femoral artery pressure in the opposite leg were identical in height, form, and behavior throughout all procedures except 1, they were subsequently recorded at the same amplification which caused them to be superimposed.
Direction of intra-abdominal pressure change was determined by the insertion of a multiperforated polyethylene catheter through the linen.
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Figure 1
Cyclic alba and into the abdominal cavity with the final position several centimeters lateral to the vena ciivji. The catheter was attached to a strain gage for the purpose of observing the direction of pressure changes. The actual pressure in millimeters of water or mercury would have no real value in these experiments.
Respiratory movements were recorded through a strain gage attached to a pneumograph around the chest. This gage was arranged to give an upward movement on the recorder during inspiration.
Results Normal Variations in Pressure
In 29 animals, venous pressure ranged between 2.7 and 58.4 mm. Hg, when the cannula was directed toward the foot. The average pressure was 23.5 mm. Hg, while the pressures most frequently seen were between 6 to 10 mm. Hg. The pressures from the centrally directed cannulas Avere generally lower, ranging between 1.4 and 24.4 mm. Hg, with an average of 8.7. The pressure most frequently seen Avas also between 6 to 10 mm. Hg ( fig. 1 ).
Contrary to earlier expectations, it Avas observed that rhythmical small vein pressure changes were more closely related to intraabdominal pressure changes resulting from respiratory movements than to thoracic alterations during inspiration or expiration. In 73 per cent of the cases, venous pressure and intra-abdominal pressure rose during inspiration ( fig. 2A ). In the remaining 27 per cent, A'enous pressure and intra-abdominal pressure fell markedly just before inspiration began, and showed a A' ery slight rise at the peak of inspiration followed by a sharp rise that Avas sustained during expiration ( fig. 2B) . On closer inspection, it Avas found that the fall in intra-abdominal and venous pressure that just preceded inspiration Avas coincidental with relaxation of abdominal muscles contracted throughout expiration. Gilfoil, Youmans, and Turner 1 have recently described an "abdominal compression reaction" in anesthetized dogs. They postulate that it is of importance in maintaining the return of blood to the heart.
Further evidence of the dominant influence of intra-abdominal pressure on hindlimb small vein pressure is that both pressures changed in the same direction in the absence of respiratory movements. In 9 instances in 20 trials (45 per cent), similar changes were seen in the direction of intra-abdominal pressure and the direction of venous pressures during apnea following artificial respiration ( fig. 3A) .
In 17 cases, spontaneous pressure changes were observed. These changes were not related to any observable changes in the small arter} 7 or the contralateral femoral artery or to intraabdominal or respiratory movements ( fig. SB) . The average pressure at which spontaneous changes were seen was found to be 30.6 mm. Hg. It was considered that the spontaneous changes in this case were evidence of independent contractions of small veins during local adjustments of blood flow and blood pressure. The rise or fall in pressure during the contractions was relatively small, with few exceptions, the average change being 4.2 mm. Hg. This may account for the infrequency with which such pressure changes are noticed when a less sensitive strain gage is used.
Pressure Changes During Occlusion of Ipsilateral Femoral Artery
In order to determine to what extent respiratory waves were influenced by arterial inflow, the femoral artery was occluded for approximately 30 seconds. There was an immediate drop in both small artery and small vein pressure. When the venous eannula was directed toward the foot, respiratory waves disappeared completely in 58 per cent of the trials. At all times, there was a marked decrease in the intensity or height of the socalled respiratory waves. The average decrease in 30 animals was 76.4 per cent ( fig. iA) . However, when the venous eannula was directed toward the vena cava, the waves were never obliterated although there was an average decrease of 18.9 per cent in their height ( fig. 4B ). In 29 trials with the eannula directed toward the vena cava, 8 showed no change at all in respiratory waves during arterial occlusion.
Femoral vein occlusion with a bulldog clamp caused an abrupt rise in small vein pressure and abolished the waves completely.
Pressure Changes with an Open Abdomen
If the intra-abdominal pressure were the main determinant of pressure changes in the small veins, then reduction of this pressure should either change the pattern of the waves, vary their intensity, or completely obliterate them.
To reduce or remove intra-abdominal pressure, a midline incision was made in 4 animals. While this reduced the intra-abdominal pressure waves, it did not cause them to disappear and consequently the venous pressure changes also continued. However, if the abdominal muscles were retracted and elevated to produce a large abdominal cavity of such size that contraction of the abdominal muscles during expiration could not produce any pressure on the viscera, both intra-abdominal and venous pressure waves disappeared completely.
Two records were obtained from each dog, 1 with the venous cannula directed toward the foot and 1 with the venous cannula directed toward the vena cava. In 8 trials, small vein pressure variations were reduced from an average height of about 1.5 to less than 0.1 mm. Hg ( fig. 5) .
In a few instances, a small decrease in venous pressure during inspiration replaced the previous marked increase. It is possible that the small decrease in pressure was a result of intra-thoracic pressure change that had previously been masked by the more effective intra-abdominal pressure.
Discussion
These results support the consideration that intra-abdominal pressure, exerted on the abdominal vena cava as a result of respiratory movements, is 1 of the major factors varying small vein pressure in the hindleg.
Two distinct types of pressure variations were seen in the small veins : (1) small rhythmic changes occurring at the same rate as respiration, and (2) large irregular waves. Both types of variations were seen with centrally directed cannulas and cannulas directed toward the foot. However, the irregular, spontaneous waves appeared most often when the venous cannula was directed toward the foot and when the small vein pressure was relatively high. These independent contractions may be explained on the basis of the myogenic automaticity ascribed to vascular smooth muscle cells. 4 The small rhythmic changes have also been shown previously.
1 ' 3 The cyclic changes were considered to be cardiac and respiratory waves transmitted through the arterial side. Evidence for transmission through the arterial side was based upon occlusion of the ipsilat- eral femoral artery which abolished the waves, while venous occlusion with a tourniquet elevated the small vein pressure without affecting the waves. In the experiments reported here, similar results were obtained with arterial occlusion when the venous cannula was directed toward the foot, as it was in their experiments. However, when the venous cannula was directed toward the vena cava, the waves were not affected during the arterial occlusion, except for a slight decrease in height. This suggests that the origin of the waves is the vena cava. Had transmission of the waves been through the arterial side, then their disappearance should have been brought about by femoral artery occlusion regardless of! the direction of the tip of the cannula. That the waves continued to be produced during arterial occlusion when the cannula tip was directed toward the vena cava indicates that the vena cava is their point of origin. Femoral vein occlusion with a bulldog clamp abolished the waves regardless of the direction of the cannula. These results indicate that variations in small vein pressure are the result of cyclic variations in pressure in the vena cava.
The important influence of intra-abdominal pressure on small vein pressure in the hindleg was demonstrated in 2 ways. Small vein pressures were seen to rise during inspiration in some cases and in others the venous pressures dropped sharply just before inspiration and rose during a sustained expiration. This was observed to be caused by contraction and relaxation of abdominal muscles in association with respiration. Intra-abdominal pressure changes were exactly the same. Further evidence is found in the reduction in the venous waves when the abdomen is open. These observations led to the conclusion that the variations in pressure on the abdominal vena cava during respiratory movements (compression of abdominal muscles and descent of the diaphragm) are primarily responsible for the cyclic changes in small vein pressure in the hindleg of the supine, anesthetized dog.
No conclusions can be drawn from this investigation as to the relationship between intra-abdominal pressure and small vein pressure in the unanesthetized dog in a normal position.
Summary
Rhythmical changes in small vein pressure were shown to follow the direction of changes in intra-abdominal pressure. Pressure waves in small veins could be diminished considerably during femoral artery occlusion when the venous cannula was directed away from the vena cava. They were only slightly affected when the venous cannula was directed toward the vena cava. Small vein pressure waves were markedly decreased by opening the abdomen and reducing intra-abdominal pressure.
It is concluded that intra-abdominal pressure change is a major factor in varying small vein pressure in the hindleg of an anesthetized dog in a supine position.
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Summario in Interlingua Esseva nioiistrate quo alterationes rhythmic del tension in le micrc venas del gnmba posterior del can soque le direction do alterationes in le tension intraabdominal. Le unciiis do tension in le micro venas poteva esser reducite considerabileinente durante le occlusion experimental del arteria femoral quando le cannula venose esseva orientate in le direction contrari a illo del vena cave. Me undas esseva afficite a grados solmente leve quando le cannula venose esseva orientate verso le vena cave. Le undas de tension del micro venas esseva reducite marcatemente quando lc abdomine esseva aperite e le tension intraabdominal esseva' reducite.
Es concludite quo alterntione del tension intraabdominal es mi factor major in le production de variationes del tension del micro venas in le gamba posterior de anesthosiate canes in decubito dorsal.
Comparison of Two Types of Mechanical Assistance
in Experimental Heart Failure-pp. 431-439
Summario in Interlingua In exporimentos con canes a thorace aperte, 7 diff 'eronte typos do discompensation cardiac esseva producite. In omiie istc 7 typos, le effectos esseva investigate quo re.siiltu.vu do pumpation veno-arterial o de omission ventricular (i.e., del pumpation del sanguine ab le atrio sinistre a in uu arteria femoral. Esseva rogistrate le tensionos in le ventriculo sinistre, le atrio sinistre, lc ventriculo dextere, e le arteria femoral.
Fiiinpation veno-arterial revcrtova le disfallimento del ventriculo dextere. Iste manovra esseva etinin benofic quando excessos de transfusion habeva aggravate le disfallimento del ventriculo dextere o sinistre, excepte in etisos do pre-existente insufficientia aortic. Le pumpation veno-arterial augmentava marcatemente le discompensiition del eorde sinistre in le niajoritate del obsorvationos, ben quo illo effectuava occasionalniciite un reduction del tensionos in lc atrio sinistre e in le ventriculo dextero. Lo experiinontos suggcre le utilitate de pumpation veno-arterial o do partial omission ventricular per medio de un machina cardiopulnionar in ensos de acute eordo pulmonal e in casos do congestion pulmonar causate per anorinalitates del valvula mitral providite quo le ventriculo sinistre ha remanite compensate. Pumpation veno-arterial pare osser contra-iiidiente in casos de ver disfalliniento del ventriculo sinistre.
Omission del ventriculo sinistre semper restaurava le stato de compensation in omne typos do cliscompcnsation cardiac, excepte corde pulmonal. Lo experimentos suggcre le utilitate clinic de omission sinistroventricular in cliscompcnsation sinistro-cardiac.
